Background: Surgical site infections (SSIs) after cardiac surgery are
H ospital infection remains a major health care problem not only in developing countries but also in developed countries. 1 However, the actual number of cases is probably greater than these estimates because infection rates are generally underrecorded by most hospitals. This ambiguity in the data is typically caused by difficulties in establishing an efficient epidemiological surveillance system during the period of patient hospitalization and, most importantly, after the patient has been discharged. 1 Heart disease is the major cause of disability and death in the United States. Worldwide, heart disease kills more than 7 million people each year. 2 In the United States, approximately 700,000 people die each year because of heart disease. 3 In Jordan, heart disease is also the leading cause of death, according to a study that was conducted by Omran and Al-Hassan 4 ; approximately 44.25% of Jordanian men die because of heart disease compared with 34.5% of Jordanian women. In 2006, heart disease was projected to cost more than $258 billion in the United States, including health care services, medications, and lost productivity. 4 Worldwide, the frequency of cardiac surgeries increased by 60% in the Medicare population between 1986 and 1988. 5 According to the American Heart Association, 6 more than half million cardiac surgeries were performed in the United States in 2004. According to the Jordanian Ministry of Health, 7 the cases of cardiac surgeries have been increasing since 1990; around 300 of cardiac surgeries are performed each year.
Infections after cardiac surgery increase morbidity, mortality, and cost. Surgical site infections (SSIs) require prolonged treatment with antibiotics or additional surgery or both. 8 For these reasons, identification, reporting, and reduction of SSIs have become a priority for patients and health care providers.
Both Centers for Disease Control and Prevention (CDC) and Additional treatment, Serous discharge, Erythema, Purulent exudate, Separation of deep tissues, isolation of bacteria, and duration of inpatient Stay (ASEPSIS) definitions describe the severity of SSIs. Centers for Disease Control and Prevention describes 3 categories of SSIs: none, superficial, and deep. In the ASEPSIS scoring method, SSIs will be defined based on the presence of 9 properties: serous exudates, erythema, purulent exudates, separation of deep tissues, antibiotics, drainage of pus, wound debridement, isolation of bacteria, and inpatient stay. A total score allocated to ASEPSIS gives 5 grades of infection ranging from satisfactory healing (0Y10) to severe wound infection (40Y70). 9 The surveillance methodology for risk assessment of SSIs is developed by the National Nosocomial Infections Surveillance (NNIS) system and adopted by the CDC and now by the National Healthcare Safety Network. The NNIS system allows the classification of surgical patients according to both intrinsic and extrinsic risk factors. 10 The NNIS includes 3 equally weighted variables: wound class, procedure duration, and the American Society of Anesthesiologists (ASA) score. 11 The NNIS index was highly correlated with SSIs rates and exhibited good predictive power; this result was revealed in an analysis of 16,799 surgeries in 51 hospitals. 12 Gaynes et al 13 analyzed 738,398 surgical procedures carried out between 1992 and 1998 using the SSI/NNIS index and demonstrated that the method was efficient in predicting the risk of infection associated with 34 of the 44 categories investigated. The NNIS index was considered suitable for 6 of the 13 combinations of surgical procedures in which the number of risk factors increased, such as surgeries of the cardiovascular, muscle-skeletal, digestive, and endocrine systems, and operations involving eyes and nose. 13 The exact mechanism by which SSIs developed is not fully understood and is thought to be multifactorial. However, many risk factors have been identified as independent predictors for deep SSIs after cardiac surgery, which include preoperative (eg, diabetes mellitus, chronic obstructive pulmonary diseases [COPDs] , steroids use, smoking, peripheral vascular disease, renal insufficiency, and male sex).
In the current study, the researchers analyzed SSIs among 363 patients who underwent cardiac surgery by using NNIS risk index, ASEPSIS, CDC definition, and specific patient variables. This study included both organ space infection (mediastinitis) with deep infections and superficial infections.
Significance
A national reporting and evaluation system for cases of SSIs, risk for infection, severity of SSIs, and risk factors associated with this problem do not exist in Jordan. This reporting system permits the comparison of SSIs rates during different periods inside an institution or among institutions and permits timely recognition of patient safety problems.
By using this system, patients will be stratified by their risk categories, and appropriate measures will be used, for example, controlling serum blood glucose, encouraging smoking cessation within 30 days before procedure, avoiding immunosuppressive medications in periopreative period if possible, and using appropriate antiseptic agents.
Research Objectives
The objectives of this study were to identify the relationships between (1) the risk of SSIs (ie, 0, 1, 2, and 3) and the level of SSIs (ie, superficial or deep), (2) the level of SSIs and the severity of SSIs (ie, satisfactory healing, disturbance of healing, minor wound infection, moderate wound infection, and severe wound infections), and (3) patient variables (eg, age and chronic diseases) and the severity of SSIs.
METHODOLOGY Research Design
This prospective study included inpatients who underwent cardiac surgery over a 15-month period between April 1, 2008 and July 31, 2009.
Sample
Study sample consisted of 363 of 430 patients who underwent cardiac surgery such as coronary artery bypass graft surgery, valve repairs/replacements, septal defect repairs, and radial artery grafts at selected hospitals.
Data were obtained from patients' medical charts, department staff, computerized databases of infection-control department, and anesthesia system. The variables included preoperative demographics, operative characteristics, and postoperative complications. Only confirmed superficial and deep SSIs that occurred within 30 days of the operation were included in the analysis.
The inclusion criteria for the selected cases were (1) all patients who underwent cardiac surgery during the study period, (2) all cases who met the definition of SSIs, and (3) patients 18 years or older. The sample of the study met at least 2 or more of the following criteria: an organism isolated from wound discharge or blood culture, chest pain/tenderness, and fever (938-C). All emergency cardiac surgeries and pediatric cases were excluded from the study.
This study was conducted in 2 hospitals in Jordan. These hospitals were considered as major hospitals serving the population of Amman, the capital of Jordan. The first hospital was 350-bed, whereas the second hospital was 480-bed. Approximately 380 cardiac surgical procedures were performed per year in these 2 hospitals.
Tools
Based on the literature, 4,6,8Y13 assessment tool that assessed patient potential risk factors was developed, including demographic and personal factors (eg, age, sex, and smoking status); chronic diseasesVsuch as diabetes, hypertension, renal dysfunction, COPD, and peripheral arterial occlusive disease; previous cardiac surgery; and use of antibiotics.
The tool was reviewed by qualified health care workers (eg, cardiac surgeons and nurses) to validate the items in the questionnaire and provide feedback in relation to accuracy, appropriateness, technical flows, grammar, appearance of bias, and level of readability. The panel of experts consisted of 5 people who had experiences as college professors and clinicians. Those experts were provided with a cover letter explaining the reasons for their selection and their role as a content validity evaluator.
Internal consistency was measured by Cronbach coefficient >, which was 0.80. Pilot testing was conducted after the feedback; 50 questionnaires were completed by trained data collectors, then reviewed by 2 different cardiac surgeons to establish interrater reliability. Interrater reliability was determined to be 90%.
Surgical site infection cases included any case with redness, swelling, increased pain, excessive bleeding, or discharge at the incision site among the patients who had undergone cardiac surgery. 15 All SSI cases were confirmed by laboratory results, clinical manifestations, and a physician's diagnosis.
Severity of wound infections was assessed based on ASEPSIS scoring method. ASEPSIS is a quantitative scoring method used to provide a numerical score by using objective criteria based on wound appearance and the clinical consequences of the infection. 16 Extra points were added for antibiotic treatment of SSI (10 points), drainage of pus under local anesthesia (5 points), debridement of the wound under general anesthesia (10 points), isolation of bacteria from the wound (10 points), and an inpatient stay of more than 14 days (5 points). A numerical score was calculated according to the proportion of the wound affected by each of these characteristics.
The ASEPSIS scoring method classified wound severity as follows: scores of 0 to 10 (satisfactory healing), 11 to 20 (disturbance of healing) are known to describe some infections but most reflect wound breakdown due to other causes, 21 to 30 (minor wound infection), 31 to 40 (moderate wound infection), and 40 to 70 (severe infections score). 9 Correlation coefficient for ASEPSIS is 0.96, and the coefficient of repeatability is 3.4. 16 The Level of SSI was assessed based on CDC classification (superficial or deep). 17 The risk for SSI was calculated by using the NNIS index. By summation of the scores, patients were classified into 4 groups (ie, 0, 1, 2, and 3). 18 
Data Collection Procedure
Two hospitals were randomly selected in which cardiac surgeries were conducted. Permission to conduct the study was obtained from the institutional review board at the researchers' university, the Jordanian Ministry of Health, the hospital directors, cardiac surgeons, and patients.
Four teams of data collectors collected the data; each team consisted of cardiovascular surgeons, intensivists, a nurse, and an infection-control personnel. Before starting the fieldwork, each team standardized its data collection procedure through training sessions, followed by a field visit with cross-validation among the 4 teams.
Collected data included patient demographic data, duration of initial (surgical) hospital stay, whether the procedure was elective or emergency, number and type of bypass grafts performed, cardiopulmonary bypass time, duration of surgery, and type and timing of antibiotic prophylaxis.
Interviewing patients and reviewing of inpatient medical records were used to collect the data. Wound classification, duration of the procedure, and ASA score for each patient were obtained from the operating room records and used to calculate each patient's NNIS risk index. Postoperative data included duration of stay in the intensive care unit (ICU), duration of mechanical ventilation, postoperative bleeding, returning to the operating room, mortality, and development of SSI. All patients were followed up for at least 21 days postoperatively unless death occurred before that time.
For ethical considerations, all data were treated, analyzed, and presented as group data. Confidentiality of all information was maintained throughout the study, and no institutional or patient data were identified. Permission to conduct the study was obtained from the institutional review board of the researchers' university and from the directors of the selected hospitals.
Data Analyses
Data analyses were performed using the Statistical Package for Social Sciences (version 15; SPSS Inc, Chicago, Ill). Associations of the risk of SSIs and the level of SSI, the level of SSIs and the severity of SSIs, and patient variables and the severity of SSIs were tested by using W 2 and comparison of proportions.
RESULTS
Three hundred sixty-three patients were assessed; SSIs were present in 11% (40/363). Missing data were excluded from analyses. Table 1 Table 2 shows the number of cases of superficial and deep SSIs according to the severity of infection, and the significant association between severity of SSIs and the level of SSIs. Superficial SSIs were found in 15 of the 40 patients when the ASEPSIS score ranged between 21 and 30 (minor wound infection); deep SSIs (25/40) were found when the ASEPSIS score ranged between 31 and 70 (moderate and severe wound infections). Table 3 shows significant associations between specific patient variables and the severity of SSIs (ASEPSIS score). ASEPSIS scores between 21 and 70, which indicated minor to severe wound infections, were found among the following variables: age greater than 56 years (n = 25/40 patients), patients who smoke (n = 37/40 patients), diabetic patients (n = 39/40 patients), serum creatinine level of more than 1.5 mg/dL (n = 24/40 patients), patients who had COPDs (n = 29/40 patients), patients who had hypertension (n = 38/40 patients), patients who had peripheral arterial occlusive diseases (n = 27/40 patients), previous cardiac surgery (n = 24/40 patients), admission to the ICU before surgery (n = 26/40 patients), use of steroids (n = 27/40), and antibiotics given (n = 10/40) after surgery (n = 26/40).
DISCUSSION
It is difficult to assess the real incidence of SSI after cardiac surgery because published results often include specific cardiac procedures or focus on only deep SSIs. In our study, we used the NNIS risk index and ASEPSIS scoring methods to identify the risk of infection and the appropriate scoring method that assesses the severity of wound infection.
Important risk factors may differ between institutions and from one time to another within the same institution. Patients who developed SSI after cardiac surgery showed a 5-year survival rate that is 25% lower than that without the condition. 19 For this reason, prevention and control of postoperative SSIs have become vital components of hospital infection-control and quality-management programs.
In the review of 33 studies of cardiac surgery from 1990 to 2004, 20,21 the reported incidence of SSIs varied. Superficial SSIs of the chest were present in 2.1% to 8.4%, and SSIs of the leg were present in 2.1% to 15%. The result of SSIs in the current study was 11%, which supported published results in many countries.
In Table 1 , the results of this study show that 25 of the 40 patients had superficial SSIs when NNIS scores were 0, 1, and 2, whereas deep SSIs were found in 15 of the 40 patients when NNIS scores were 2 and 3. In Table 2 , superficial SSIs were found in 15 of the 40 when ASEPSIS scores ranged between We think that this difference in the numbers (for deep SSIs using NNIS and ASEPSIS scoring tools) can be explained in that a patient undergoing cardiac surgery usually has an ASA score of 3 or 4 and almost always has clean surgery. The only factor that determines whether a patient undergoing cardiac surgery is in risk category 1 or 2 is whether the procedure exceeds 5 hours. Roy et al 22 found that the NNIS risk index stratified the risk of SSI by only 1 factor: the duration of surgery. For this reason, Roy et al 22 suggested that known risk factors of SSI in patients undergoing surgery (eg, diabetes or sex) must be incorporated into a risk index to provide better stratification of cardiac surgery patient group. The result of the study, supported by a study conducted by Lutarewych et al, 23 found that 7.58% of cardiac patients developed SSIs as compared with 3.57% in the National Nosocomial Infections Surveillance system hospitals.
In describing the severity of SSIs, there are differences between CDC and ASEPSIS definitions; the CDC definition consistently tended to rate wounds with pus as more severely infected than did ASEPSIS. In addition, CDC tended to rate wounds without pus as being more severely infected than did ASEPSIS, but some wounds classified as moderately or severely infected by ASEPSIS (31Y40 and 940 points, respectively) were classified as not infected or only superficially infected by CDC. 24 The results of this study show that the ASEPSIS scoring method permits detection of minor changes to surgical wounds (14) 9 (7) 12 (9) and reduces subjectivity in symptom evaluation, thereby making it a useful and valuable classification system for research and education purposes. This study showed that smoking played a role in the occurrence of SSI (P = 0.001). Smokers have an increased frequency of pulmonary, circulatory, and infectious complications and impaired wound healing. 25 The patients who stopped smoking 8 weeks before cardiac surgery had fewer pulmonary complications than smokers. 26 This study showed that COPD played a role in the occurrence of SSI (P = 0.000). Multiple studies have identified COPD as a risk factor for the development of SSI. This may be due to increased postoperative pulmonary complications, excessive coughing leading to sternal instability, immune suppression, or colonization of the wound by nasopharyngeal organisms. Furthermore, patients with COPD need extended postoperative ventilatory support, which has also been associated with SSI. The need for prolonged mechanical ventilation increases patients' remaining in ICUs, which may increase the risk of exposure to bacteria and ventilator-associated pneumonia. 26 The total number of people with diabetes is projected to rise from 171 million in 2000 to 366 million in 2030. 27 Patients with diabetes or undiagnosed elevated blood glucose level are at increased risk of developing coronary artery disease. Coronary artery bypass grafting is an increasingly common surgical procedure in such patients.
This study confirms the findings of several previous studies that diabetes is an important risk factor for SSIs after cardiac surgery. 28 A study conducted by Trick et al 28 shows that a preoperative blood glucose level of more than 200 mg/dL is considered an independent risk factor for chest infection after cardiac surgery.
High blood glucose level could influence the systemic inflammatory response. 29 Hyperglycemia also influences fluid and electrolyte balance, which disturbs hydration and circulation in the incision area, all of which could impair wound healing. 30 Diabetes mellitus represents a predisposing factor, as it leads to microvascular alterations and decreased wound healing. 31 Moreover, it interferes with the immunological response against infection. The diabetic pattern increases the impact of other risk factors, such as obesity, sex, age, tobacco use, respiratory disease, or local impairment of vascularization. 32 Renal dysfunction has a high prevalence of known atherosclerotic risk factors such as hypertension, diabetes mellitus, smoking, and advanced age. The increased prevalence of disease in these patients has led to higher cardiovascular complications that need cardiac surgery (up to 3 times more than the general population) and is a major cause of death in patients with endstage renal failure. 33 This study shows that patients with a serum creatinine level of more than 1.5 mg/dL were at risk of SSIs. Recent studies show that patients with preoperative renal dysfunction (serum creatinine level 9 1.5 mg/dL) were at greater risk for acute worsening of renal function, prolonged mechanical ventilation, and increased ICU and hospital stays and experience greater short-and long-term mortalities. 34 The results of this study are consistent with other studies that show that reopening heart surgery increases the risk of infection. 35 The results of this study indicated that admission to ICU before surgery increases the risk of SSIs. Intensive care units are potential areas for the emergence and the spread of nosocomial infections due to the frequent use of broad-spectrum antibiotics, crowding of patients with high levels of disease acuity within relatively small specialized areas, reductions in nursing staff and other support staff due to economic pressures that increase the likelihood of person-to-person transmission of microorganisms, and presence of more chronically and acutely ill patients who require prolonged hospitalizations and often presence of antibiotic-resistant bacteria. 36 
Limitations
In the current study, the researchers did not find written information regarding body mass index and compliance with standard procedures that should always be used for SSI prevention such as (a) administration of preoperative antibiotics within 60 minutes of skin incision, (b) redosing in prolonged surgical procedures, (c) appropriate preparation of the surgical site, (d) avoidance of hair removal, and (e) temperature control during surgical procedure.
Surgical site infections continue to be a significant source of morbidity for patients undergoing cardiac surgery. Although our study reports risk factors for infection at selected hospitals, the risk profile may vary depending on each institution's patient population.
Our study population includes most of the isolated cardiac surgery procedures performed in Jordan annually. Patients predisposed to worse outcomes may be underrepresented in this analysis because the most severe cases are often medically managed outside the country.
Recommendations
This study shows that many of the risk factors for the development of SSIs are modifiable conditions, such as diabetes mellitus and hypertension. However, these conditions can be treated in a preoperative period. Furthermore, the ASEPSIS scoring method was more sensitive in detecting deep SSIs more than the NNIS scoring method.
The findings of our research work have significant implications for research. The significant relationships between specific factors and SSIs found in this study indicate the need for researchers to examine SSIs in other clinical areas and other types of health care settings to confirm the findings of this study. The findings with regard to the relationship with the independent variables provide information for researchers in developing appropriate interventions to prevent SSIs.
